The IGF system has been associated with development and progression of diabetic retinopathy. We examined whether a simple measurement of the IGF system (serum total IGF-I) correlated with progression of diabetic retinopathy in pregnancy in type 1 diabetes. A prospective observational study was performed in 103 pregnant women with type 1 diabetes. Serum IGF-I was measured in maternal serum from week 14, every fourth week until week 30, and every second week until delivery. Twenty-four-hour blood pressure was measured with a portable oscillometry monitor. The women had visual acuity testing and fundus photography before pregnancy, once in each trimester, and 4 months after birth. Each eye was assigned an overall retinopathy grade on a scale from 1 to 6 independently by two experienced graders. During pregnancy, serum IGF-I increased with increasing gestational age until a plateau was reached in week 32. Progression of retinopathy was significantly associated with a higher level of IGF-I (P < 0.01). Serum IGF-I increased with increasing progression of retinopathy. Change of retinopathy was significantly associated with level of IGF-I (P < 0.01). During pregnancy, serum IGF-I increased with increasing birth weight until a plateau was reached in week 32. Birth weight was significantly associated with a higher level of serum IGF-I (P < 0.01).
P
regnancy is a prominent risk factor for the development and progression of retinopathy in women with type 1 diabetes. Progression of retinopathy has been reported to be associated with suboptimal regulation of blood glucose and blood pressure, albuminuria, and adverse perinatal outcomes. However, after it was shown that pituitary ablation could halt the progression of proliferative diabetic retinopathy, increased focus has been put on the hormonal changes with growth-stimulating potential that accompanies pregnancy (1) . Growth hormone (GH) exerts many of its effects via the synthesis and release of IGF-I. IGF-I has been variably associated with diabetic microvascular disease, and a transient rise in IGF-I has been reported in the early phase of neovascularization of the retina (2) .
IGFs constitute a system of peptides that promote mitosis and growth of various organs including the fetus during pregnancy. Although some regression of nonproliferative retinopathy occurs after delivery, new cases with progression of retinopathy during pregnancy have been reported with a prevalence ranging between 20 and 85% (3) (4) (5) .
The aim of the present study was to examine the correlation between serum IGF-I and progression of retinopathy in diabetic pregnancy in 103 pregnant women with type 1 diabetes. Changes in serum IGF-I and progression of retinopathy, as well as their time course during and after pregnancy, were studied in a cross-sectional manner.
RESEARCH DESIGN AND METHODS

Subjects
Among 142 consecutive pregnancies of which 18 were repeated pregnancies, 124 pregnancies in women with type 1 diabetes were included from the outpatient clinic at Skejby Hospital, Aarhus, Denmark. Data were sufficient for evaluation in 103 of the 124 women. Participants were referred to the Department of Ophthalmology, Aarhus University Hospital, between 1993 and 1997. The women were scheduled for ophthalmologic examination, including visual acuity testing and fundus photography, before pregnancy, once in each trimester, and 4 months after birth, according to the principles defined in the Early Treatment for Diabetic Retinopathy Study (6) . Ophthalmologic examination was done after induction of cycloplegia and mydriasis by phenylephrine 10% and tropicamide 1% eye drops. Fundus photography was performed with a Canon 60UV fundus camera on Kodak ectachrome 64 color diapositive film. In each eye a standard photograph of 60°was taken centered on the foveal region, thus covering an area corresponding to approximately fields 1-5 of the standard fields used in the Early Treatment for Diabetic Retinopathy Study (6) . For the grading, each photograph was projected to a size of 1 ϫ 1 m on a wallboard. The number of each type of pathological lesion-hemorrhages and/or microaneurysms, hard exudates, or cotton wool spots-was counted (truncated at 99), and the presence of laser scars or vascular abnormalities, such as intraretinal microvascular abnormalities (IRMA vessels), venous beading, or neovascularizations, was noted. Furthermore, the presence of diabetic maculopathy was noted, defined as hard exudates within one disk diameter of the fovea. Two experienced graders evaluated each photograph independently. When the two evaluations of a photograph were discrepant, the two graders reassessed it together. If there was still discrepancy, the opinion of the most senior grader was used. On the photograph, each eye was assigned an overall retinopathy grade on a scale from 1-6 according to the principles used in the Wisconsin Epidemiological Study of Diabetic Retinopathy (7, 8) . Consequently, the assignment of retinopathy grade was made according to the following guidelines (7): 1, no retinopathy; 2, Ͻ20 hemorrhages and/or microaneurysms or cotton wool spots alone; 3, Ն20 hemorrhages and/or microaneurysms, hard exudates combined with any number of hemorrhages and/or microaneurysms, or less than five cotton wool spots combined with hemorrhages and/or microaneurysms or hard exudates; 4, five or more cotton wool spots or IRMA vessels combined with hemorrhages and/or microaneurysms with or without hard exudates; 5, venous beading combined with hemorrhages and/or microaneurysms with or without hard exudates, IRMA vessels, or cotton wool spots; and 6, proliferative diabetic retinopathy or scars of photocoagulation known to have been directed at new vessels.
In each patient the retinopathy grade on the worst eye was used for the analysis. Significant change in retinopathy was defined as a change of at least two grading levels between two examinations or as a change of one grading level that was not reversed at the following examinations.
The women were followed at the Department of Gynecology and Obstetrics at Aarhus University Hospital, where routine visits were planned every other week during pregnancy for the measurement of HbA 1c . The aim was to reach normoglycemia in all patients (HbA 1c 4.3-6.5%). This was achieved by frequent home measurements using a glucometer and by increasing the frequency of insulin administration to 4 -6 times daily. In addition to HbA 1c , 24-h urine was collected for the measurement of urinary albumin excretion, glucose, and creatinine clearance. Of the 103 women, 68 attended the prepregnancy clinic within 6 months before conception. In 36 women fundus photography was performed during the same period.
Blood pressure was measured using a portable oscillometry monitor (SpaceLab 90202 and 90207; Redmond, WA) in every trimester and after delivery. The equipment was programmed for cuff insufflation every 20 min from 0600 to 2300 and every hour during the night. Seven women had hypertension and received medical treatment with an ACE inhibitor, which was discontinued before conception. Two women had gestational hypertension, and 21 women developed preeclampsia. In all pregnant women hypertension was treated with either labetalol or methyldopa.
During pregnancy 81, 13, and 9 women had normo-, micro-, and macroalbuminuria, respectively. Normoalbuminuria was defined as albumin excretion rate Ͻ30 mg/24 h, microalbuminuria as 30 -299 mg/24 h, and macroalbuminuria as excretion Ն300 mg/24 h. Nine women with normoalbuminuria during pregnancy had persistent microalbuminuria after pregnancy. One of these women showed prepregnant microalbuminuria. One of the women with microalbuminuria during pregnancy progressed to macroalbuminuria.
Three women reversed to normoalbuminuria after pregnancy. These three women had had prepregnant normoalbuminuria. Three of the women with macroalbuminuria during pregnancy had microalbuminuria after pregnancy while on treatment with ACE inhibitor, as they had before pregnancy.
Adverse perinatal outcome was defined as delivery before 36 completed weeks of gestation, birth weight ratio Ͻ0.9 and Ͼ1.3, preeclampsia, maternal or neonatal septicemia, neonatal hypoglycemia, respiratory distress syndrome, malformation, or demise of the neonate. Birth weight ratio was defined as observed birth weight divided by the expected birth weight for the same gestational age and sex, which corresponded to IUGR and macrosomia, respectively. The local ethical committee approved the study, and all women gave their informed consent. The mean age (ϮSD) of the 103 women was 28 Ϯ 5 years (range 17-40), and the median age of onset of type 1 diabetes was 17 years (95% range [13] [14] [15] [16] [17] [18] [19] [20] . The mean parity was 0.6 Ϯ 0.4 (range 0 -3). Serum total IGF-I and IGF binding protein-1 and -3 Serum total IGF-I was measured as previously described (9) . The noncompetitive time-resolved immunofluorometic assay is based on monoclonal antibodies and performed in microtest wells. IGF-I antibodies were immobilized on the solid matrix. The detection limit was 0.0025 g/l for the IGF-I assay. The operating range included upwards of 2.5 g/l (IGF-I). All clinically relevant serum concentrations could be measured in one final dilution (1:1,066 for IGF-I) after ethanol extraction. The interassay variation was Ͻ10%.
Immunoreactive levels of IGF binding protein-1 (IGFBP-1) and -3 were determined in a subset of diabetic women (n ϭ 45) by an enzyme-linked immunoassay (Medix Biomedica, Kainiainen, Finland) and IRMA (Diagnostic System Laboratories, Webster, TX). The intra-and interassay coefficients of variance were Ͻ5 and 10%, respectively.
Serum samples for measurement of IGF-I were drawn at weeks 14, 18, 22, 26, 30, 32, 34, 36, and 38 and in the women who came for check-up 3-6 months postpartum. Thus, 793 of 847 (94%) possible blood samples were obtained from weeks 14 -38 (88 women delivered before week 38), and 49 of 103 possible samples were taken postpartum.
Statistical analysis
Differences between two means was tested with Student's t test if Gaussian distribution could be assured. Otherwise, Mann-Whitney's or Wilcoxon's test were used for unpaired and paired analysis, respectively. If non-Gaussian distribution was observed data were transformed logarithmically where appropriate. If any number was less than five, differences between two proportions were tested with Fisher's exact test, otherwise the 2 test was applied. Repeated measures (two-way) ANOVA was used for comparison between groups for measures taken over time from the same subject. Kruskal-Wallis test was applied with grade of retinopathy as the ordinal variable and HbA 1c , urinary albumin excretion rate, blood pressure, and onset of diabetes as continuous measurement variables. Spearman's was calculated when appropriate. Values are given as mean Ϯ SD, unless otherwise stated. A two-sided P value Ͻ0.05 was the level of significance. The statistical software was SOLO (BMPD, Los Angeles, CA). A birth weight ratio was computed by dividing the observed birth weight with the expected birth weight for the same gestational age and sex. The expected birth weights were calculated from a cohort of 4,742 singleton normal births during the same time period from the same clinic.
RESULTS
Clinical parameters
HbA 1c was 8.1 Ϯ 1.6% (range 4.8 -12) before pregnancy; 7.5 Ϯ 1.1 (5.3-10.2), 7.2 Ϯ 1 (5-10.2), and 7.5 Ϯ 1.1 (5.5-11.8) during the first, second, and third trimesters of pregnancy, respectively; and 8.7 Ϯ 1.3 (6 -13) after pregnancy. At all examinations during pregnancy, HbA 1c was significantly lower than before and after pregnancy (P Ͻ 0.01). There was a positive correlation between retinopathy grade and HbA 1c before (Spearman's ϭ 0.57, P Ͻ 0.01) and after pregnancy (0.42, P Ͻ 0.01). During pregnancy the correlation was gradually lost (0.29, P Ͻ 0.01; 0.29, P Ͻ 0.05; and 0.11, P Ͼ 0.10 in the first, second, and third trimesters, respectively). The women with no retinopathy differed significantly from the other groups in HbA 1c at week 14 (Table 1 ) and at onset of diabetes (Table  2) .
In total, 25 women had progression of retinopathy, hereof 18 during pregnancy into the puerperium 4 months after delivery. Of the remaining seven women who progressed during pregnancy only, three women progressed from second to third trimester. None of the studied women showed progression of retinopathy requiring photocoagulation treatment. Significantly more women experienced progression of retinopathy after pregnancy than during pregnancy (Table 3) , and this was accompanied by an increase, although nonsignificant, of the level of HbA 1c . No difference in glycemic regulation and insulin regimen was found throughout pregnancy in women with progression as compared with women without progression of retinopathy. Of the 103 women participating in the study, 27 women delivered before gestational week 36, 61 women at weeks 36 -37, and the remaining 15 women at weeks 38 -40. Data are n.
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Fundus photography was performed in 36 women before pregnancy and in 85 women after delivery (Table 4) . In 62 women no change in retinopathy was seen. In 16 and 25 women, respectively, regression and progression was seen. No association was found with nephropathy or proliferative retinopathy. Progression was seen in 35, 22, and 11% of grades 1, 2, and 3 and 4 combined, respectively (Table 5 ). All women with progression increased one grade only. Serum IGF-I and IGFBP-1 and -3 Serum IGF-I showed a steady and significant increase of ϳ82% (weeks 14 -34, P Ͻ 0.01) during pregnancy, reaching a plateau in weeks 32-36 before a significant decline in week 38 (weeks 36 -38, P Ͻ 0.01). Serum IGF-I increased significantly more during pregnancy in women with progression than in women with no progression (IGF-I weeks 14 -34: 94 Ϯ 21 to 209 Ϯ 103 g/l vs. 96 Ϯ 37 to 161 Ϯ 68 g/l, P Ͻ 0.01). In gestational weeks 30 and 32, serum IGF-I was associated with progression of retinopathy adjusted for 24-h blood pressure, HbA 1c , and BMI (P Ͻ 0.05). Serum IGF-I increased with retinopathy grade. The change in retinopathy was significantly associated with the level of serum IGF-I (P Ͻ 0.01; Fig. 1 ).
In the period of weeks 14 -38, serum IGF-I was significantly associated with birth weight group (P Ͻ 0.01, Fig.  2) ; the higher the birth weight ratio the higher the serum IGF-I. In gestational week 34, the level of serum IGF-I was 34% higher in women from the group with birth weight ratio Ͼ1.4 than in the group with a birth weight ratio Ͻ1.18 (Fig. 2) . However, progression of retinopathy was not associated with higher birth weight. The IGFBP-1 and -3 levels showed no correlation with progression of retinopathy.
DISCUSSION
The major new finding of the present study is an apparent stepwise increase in serum total IGF-I associated with progression of diabetic retinopathy. This result presents further evidence and extends previous observations suggesting a possible role of elevated serum IGF-I for accelerating diabetic retinopathy during pregnancy (2,10 -12) . The maternal serum IGF-I levels were time-dependent with increasing levels during pregnancy until week 34, with a decrease from week 36 to 38 and full normalization after delivery. The dynamic changes in IGF-I may in part explain previous conflicting reports on correlations between retinopathy and IGF-I in type 1 diabetes (2,10 -15) .
Clinical evidence has suggested that IGF-I may be involved in the development of retinopathy, as an increase in serum IGF-I is observed in response to a reduction in hyperglycemia that precedes the progression of retinopathy (11, 12) . In the phase where new vessels have developed, the vitreous body shows higher IGF-I levels in diabetic than in nondiabetic patients (10) . Paradoxical worsening of preexisting diabetic retinopathy after improved diabetes control has been noted repeatedly and has been named "normoglycemic re-entry phenomenon." Relative or absolute insulin deficiency is believed to result in decreased hepatic IGF-I production followed by elevated GH levels and a further deterioration of metabolic control. In contrast, adequate insulin substitution to improve glycemic control reverses the situation by upregulating circulating IGF-I and lowering GH. The present data show, however, that despite good glycemic control in pregnancy, an increase in circulating IGF-I takes place concomitantly with progression of diabetic retinopathy. A cause-effect (%) relation is possible because serum and vitreous IGF-I concentrations have been shown to correlate, probably due to leakage of IGF-I from the blood stream (10) . Considering the established adverse effects of exogenous IGF-I on the diabetic microcirculation and the benefit of pituitary ablation on proliferative diabetic retinopathy, a causal effect of the increased serum IGF-I is possible. The question arises, however, whether our sample size is adequate to detect meaningful relations. When calculating the proportion of women with progression in diabetic retinopathy compared with those with no progression, a power of 90 (␤ ϭ 0.10) with ␣ ϭ 0.05 was found, thus adding adequate power to our conclusions. We have previously reported that retinopathy is associated with an elevated level of fibroblast growth factor-2 and phosphorylated IGFBP-1 (16, 17) . Total IGF-I is largely dependent on IGFBP-3 levels, which in turn are regulated by the degree of IGFBP-3 proteolysis during pregnancy. Thus, the effect on the eye may be directly mediated by IGF-I or indirectly by a modifying effect of IGFBP-3. It is still controversial whether the binding affinity of IGF-I to IGFBP-3 is altered by the pregnancy-induced IGFBP-3 proteolysis. We have previously shown that an increasing level of serum IGF-I corresponds to a similar increase of IGFBP-3 despite prominent proteolysis, indicating that binding affinity may be unaltered in pregnancy of type 1 diabetes (18) . Noteworthy, serum IGFBP-3 levels showed no correlation with progression of retinopathy in the present study.
The association of IGF-I and retinopathy in type 1 diabetes in nonpregnant women has not been consistent in the published literature. In one study (13) , low free IGF-I level was reported in type 1 diabetic patients with retinopathy compared with patients without diabetic retinopathy, whereas another study showed the opposite (14) . The latter study concluded that free IGF-I measurements have no clear advantage compared with total IGF-I in that particular setup, because age is an important confounder. IGFBP-1 is known to be an important regulator of free IGF-I. However, in the present study IGFBP-1 showed no correlation to the progression of retinopathy.
In our study, the women with proliferative retinopathy had elevated HbA 1c levels, which has been shown to be associated with higher IGF-I in nonpregnant diabetic subjects (19, 20) . However, we failed to confirm such an association. Further, it seems unlikely that IGF-I was due to differences in age or BMI, because the groups were similar in these respects. As for the role of IGF-I in glycemic control, just one severe incidence of hypoglycemia was observed during pregnancy in a woman delivering a macrosomic neonate. The HbA 1c indicated good glycemic control in this population, but one cannot preclude that the number of women is insufficient. Glycemic regulation is associated with measurable retinal change at HbA 1c Ͼ7.5%, and long-term prospective studies have found the progression to be related to HbA 1c independently of the duration of diabetes (21, 22) The bulk of literature points to an overall adverse effect of pregnancy on diabetic retinopathy, which relates to diabetic risk factors. In addition, regression of diabetic retinopathy after pregnancy is common and may cause the determination of which women are at risk of persisting retinopathy to be unclear. We had a very low progression rate during pregnancy (7 of 85), and more women had progression after delivery. This suggests that the time after delivery may need as much focus as the time before delivery.
The finding of an association between increasing serum IGF-I and progression of retinopathy may reflect a possible growth stimulus induced by the pregnant condition per se. This may act on retinal neovascularization as well as on birth weight. In women with type 1 diabetes with increasing macrosomia, higher levels of serum IGF-I seem to imply excessive fetal growth from the start of pregnancy. Other conditions associated with early vigorous fetal growth (e.g., multiple pregnancies) do not present with higher level of IGF-I early in pregnancy (23) . Moreover, maternal levels of serum IGF-I were similar in normal, small-for-gestational-age, and multiple pregnancies, respectively (23, 24) .
In conclusion, our data show that the presence of retinopathy during pregnancy in type 1 diabetes does not increase the risk of progression in retinopathy when good glycemic control is achieved. Further, we report a stepwise increase in serum IGF-I with an association to progression of retinopathy during and after pregnancy.
